In a previous paper, 1) we have described the characterization of six new dihydrophenanthrene derivatives (sinensols A-F) together with five known dihydrophenanthrenes from the aerial parts of Spiranthes sinensis (PERS.) AMES. (Orchidaceae), which has been used as a folk drug in Taiwan. 2, 3) Our continuing chemical studies on this plants has resulted in the isolation of a novel homocyclotirucallane, sinetirucallol (1), and two new dihydrophenanthrene derivatives, sinensols G (2) and H (3), together with spiranthesol, 4) 2-(3Ј,4Ј-dihydroxyphenyl)-1,3-benzodioxole-5-aldehyde, 5) ergosterol peroxide, 6) and a series of phenolic compounds, p-hydroxybenzaldehyde, 7) 3,4-dihydroxybenzaldehyde, 8) 3,4-dihydroxybenzyl acohol, 9) hydroquinone, 7) 4-hydroxybenzyl ethyl ether, 10) 4-hydroxybenzyl methyl ether, 11) and methyl 3-(4-hydroxyphenyl)propanoate.
Ϫ15 also supported the assignment of a double bond to C-9 (11) for an allylic cation resulted from this process. The negative optical rotation ([a] D 25 Ϫ66°) revealed that it belongs to the tirucallane rather than euphane series. 14) The side chain and the cyclopropane of 1 were deduced from 1D total correlation spectroscopy (TOCSY1D), heteronuclear multiple bond correlation (HMBC) and nuclear Overhauser enhancement spectroscopy (NOESY) experiments. From TOCSY1D spectrum, the contiguous protons from cyclopropane H-31 are as follows: H-31, H-24, H-23, H-22, and H-20 . In addition, long-range correlations (HMBC) and NOE correlations observed between the cyclopropane protons and H-26, -27 confirmed the two methyl groups (H 3 -26, -27) connecting to the terminal carbon of the cyclopropane. The signal at d 3.22 [(dd, Jϭ10.8, 5.5 Hz)] was assigned as H-3 being on a-axial orientation due to the larger coupling constant and having HMBC correlations with C-4, C-28, and C-29 . From the above evidence, the structure of 1 was established as 24,31-homocyclotirucall-9(11)-ene3b-ol, a novel homocyclotirucallane skeleton. The relative configuration of 1 was determined by NOESY technique (see Experimental) and X-ray single-crystal analysis (Fig. 2) . Its absolute configuration was determined by the modified Mosher's method. 15, 16) Treatment of 1 with (S)-and (R)-2-methoxy-2-trifluoromethyl-2-phenylacetyl chloride (MTPACl) afforded (S)-and (R)-MTPA esters (1a, 1b, respectively). The 1 H-NMR signals of the two derivatives were assigned by TOCSY1D. The Dd values (d S Ϫd R in Hz) of the individual protons of ring A are shown in Fig. 1 . The systematic arrangement of positive and negative Dd values indicated that the configuration of C-3 is R.
Compound 2 was isolated as a colorless amorphous powder, and gave the molecular formula C 20 6.72, 7.78 (s, 1H each) ]. The relatively lower field at d 7.78 was assigned as H-5 due to the deshielding by the C-4 hydroxyl group on the adjacent aromatic ring. The 13 C-NMR indicated three oxygenated aromatic carbons (d C 152.8, 153.5, 158.9) . The HMBC correlations, CH 3 O (d 3.81)/C-2; H-1Ј/ C-5, -6, -7, -2Ј, and -3Ј; H-9 (-10)/C-1, 4a, -4b, -8, -8a, and -10a; H-1/C-2, -3, and -4a, and H-3/C-1, -2, and -4, de- termined the situation of the methoxyl, isopentenyl, and hydroxyl groups on the dihydrophen-anthrene. From these spectral data, 2 was identified as 2-methoxy-4,7-dihydroxy-6-isopentenyl-9,10-dihydrophenanthrene. This assignment was further confirmed by the NOE correlations as follows:
Compound 3 had the molecular formula of C 35 H 30 O 6 from EI-MS and 13 C-NMR. It showed IR absorptions at 3365 (OH), 1615, 1599, 1514, and 1497 (aromatic ring) cm Ϫ1 . The 1 H-NMR spectrum had signals arising from two 4-hydroxybenzyl [d 3.92, 3.95 (2H each, s), 6.63, 6.86 (2H each, d, Jϭ8.5 Hz), and 6.65, 6.93 (2H each, s) ], one phenyl [d 6.98 (2H, d, Jϭ8.5 Hz), 7.11 (1H, dd, Jϭ8.5, 9 .0 Hz), and 7.21 (2H, dd, Jϭ8.5, 9.0 Hz)], one aromatic proton (d 6.50), four (C-7) and 156.0 (C-5) excluded a catechol-type composition. Therefore, the structure of 3 can be assigned as 4,5,7-trihydroxy-1,8-bis(4-hydroxybenzyl)-3-methoxy-6-phenyl-9,10-dihydrophenanthrene.
Experimental
General Experimental Procedures Melting points were determined on Yanagimoto micromelting point apparatus and are uncorrected. Optical rotations were recorded on a JASCO DIP-370 polarimeter. IR spectra were recorded on a Nicolet avatar 320 FT-IR spectrophotometer. UV spectra were measured on a Hitachi U-3200 spectrophotometer. NMR were run on a Bruker AC-300 and a Varian unity INOVA-500 spectrometer. Mass spectra (EI-MS and HR-EI-MS) were taken on a JEOL JMS-HX110 and a JEOL SX-102A instrument, respectively.
Plant Material The aerial parts of Spiranthes sinenesis (PERS.) AMES. were purchased from a local herbal medicine store, Taipei, Taiwan, in April, 1999, and identified by comparison with the voucher specimens already deposited at the Herbarium of the Department of Botany, National Taiwan Unversity, Taipei, Taiwan (no: TAI. 218182, collected on April 12, 1934) .
Extraction and Isolation The aerial parts of Spiranthes sinenesis (PERS.) AMES. (3 kg) were extracted with EtOH (50 l) at 50°C three times (8 h each time). The EtOH extract was evaporated under reduced pressure. The concentrate was taken up in H 2 O, and partitioned into EtOAc-soluble, nBuOH-soluble and H 2 O fractions. The EtOAc-soluble fraction (35 g) was subjected to column chromatography over silica gel using an n-hexaneEtOAc-methanol gradient. The fractions of 25-33% ethyl acetate were further separated on a Si gel column to yield 1 (645 mg), phytosterol (465 mg), and ergosterol peroxide (48 mg). The fraction of 5-10% methanol/ethyl acetate yielding three fractions were further purified by Sephadex LH-20 (EtOAc : MeOHϭ1 : 1) and preparative HPLC on Si gel (Merck, Si 60, 7 mm, using n-hexane-EtOACϭ2 : 1 or 1 : 1) column chromatography, yielded 2 (32 mg), 3 (18 mg), and a series of phenolic compounds, 4-hydroxybenzaldehyde (112 mg), 3,4-dihydroxybenzaldehyde (345 mg), 3,4-dihydroxybenzyl acohol (48 mg), hydroquinone (65 mg), 4-hydroxybenzyl ethyl ether (59 mg), 4-hydroxybenzyl methyl ether (98 mg), methyl 3-(4-hydroxyphenyl)propanoate (83 mg).
Sinetirucallol (1) Jϭ8.5, 4.0 Hz, 0.41 (1H, m, 0.67, 0.70, 0.88, 0.98, 1.02, 1.04, 1.06 (each 3H, s, 0.89 (3H, d, Jϭ6.5 Hz, H-21), 1.95 (2H, br s, H-12), 3.22 (1H, dd, Jϭ10.8, 5.5 Hz, 5.29 (1H, br s, . CDCl 3 ): d 14.9 (q, 15.0 (q, 17.0 (q, 18.4 (q, 19.0 (t, 19.5 (t, 19.6 (t, 20.0 (q, 25.2 (q, 25.2 (d, 26.5 (t, 27.4 (q, 27.7 (q, 27.9 (t, 28.1 (s, 28.1 (t, 33.3 (t, 36.0 (d, 36.7 (t, 37.5 (s, 37.8 (t, 39.2 (s, 39.3 (t, 40.5 (s, 44.0 (s, 44.5 (d, 46.6 (s, , 50.8 (s, C-17), 79.1 (d, C-3), 116.9 (d, C-11), 150.4 (s, C-9) . HMBC correlations: H-3 25, , F(000)ϭ1056, and Tϭ150 (2) K. The SMART program was used to make data correction. A total of 14545 reflections, collected in the range 0.93ϽqϽ27.5°, yielded 6758 unique reflections. The structure was solved using direct methods and refined by full-matrix least-squares on F 2 values for 6463 reflections with IϾ2s(I). Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were fixed at calculated positions and refined using ariding mode. The final indices were Rϭ0.0922, R w ϭ0.1136 with goodness-of-fitϭ1.045. Scattering factors were taken from the International Tables for X-ray Crystallography.
